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G E N E R A L I N T R O D U C T I O N 
Fishes are an important source of high quali ty protein. 
They directly contribute 14 per cant of the world supply of animal 
protein. Indirect ly , fishery products in the form of meal, mineral 
concentrates, e tc . share an addit ional 10-12 per cent of the supply. 
Major par t of this aquafood comes from natura l sources. 
Exploitation of the renewable resources of fishes from cultured 
population is catching up . The dependable nature and rat ional 
quali ty of the aquacul ture hold great promise for strides and 
developments in the field. It is an undeniable fact that 
aquacul ture is emerging as a comjjanion of agr icu l ture . Farming of 
fish is re lat ively free of several constraints which are encountered 
in agr icu l tu re . Fishes do not generally require shel ter ing, fixed 
feeding schedules, frequent sani tary disposal of feces to mention a 
few of them. The scarcity of land area and the tendency of 
eliminating forest cover to maike space for agr icul ture are some of 
the motivations for harnessing aquat ic resources. Fish culture 
offers the advantage of more intensively exploiting the water body 
throughout i ts bas in , down to the bottom, for production far 
exceeding that of t e r res t r i a l livestock. Poikilothermic animals 
require less energy than the ho-neiDtherms for maintaining body 
temperature and as a matter of fact the major par t of the calorific 
intake is stored in t i s sues . 
The data embodied in this d i sser ta t ion concerns the 
production of three species of fishes namely, Catla ca t la , Lebeo 
rohita and Hypophthalmichthys molitrix in an ' especially designed 
culture pond. The first two are indigenous carps and the third one 
is exotic. They exploit low levels of the food chain . The economic 
feasibility of this kind of composite culture l ies in saving energy 
loss in transformation of food into flesh, which character ises fishes 
which are secondary or t e r t i a ry consumers. In the present 
invest igat ion the pond was allowed to develop i ts own ecosystem 
through na tura l processes and by the productivi ty-st imulating action 
of duck manuring. Duck-cum-fish culture is a food production 
system which sustains two kinds of crops, both of which yield 
nutr i t ive and popular human food. The combination of ducks and 
selected fishes seems quite well in tegra ted . Ducks spend a good 
par t of their time in the pond and are in the habit of effectively 
patroll ing the surface. The droppings get almost equally 
distr ibuted in the pond bas in . There is no dearth of data on the 
excellent effect of duck droppings on the production of na tura l fish 
food organisms. A number of factors such as pond productivity, 
stocking density, food preferences of farmed fishes, e t c . , determine 
the role of duck droppings in the culture system. With a carefully 
planned and reasonable duck stoc;^ the fertilization of the farm is 
adequately assured, obviating the need of addit ional fert i l izers, 
cutting down the manuring cost of zero and with enhanced 
production of food items v/hich minimises the expenditure in 
s u p p l i m e n t a r y feeding in s e m i - i n t e n s i v e c u l t u r e , the fish product ion 
i s economised. 
High p r o d u c t i v i t y of n a t u r a l food o rgan i sms obviously 
s u p p o r t s l a r g e r s tock dens i t y of fish and a more i n t e n s i v e cu l t u r e 
sys tem. The prof i t marg in i n c r e a s e s s u b s t a n t i a l l y . What needs 
i n v e s t i g a t i o n is t he pos s ib l e di f ference in the q u a l i t y and the 
q u a n t i t y of fish y ie ld r e s u l t i n g from a r t i f i c i a l feed and n a t u r a l 
food. Balanced feeds form the most expens ive i n p u t in a q u a c u l t u r e . 
If n a t u r a l l y p roduced food i tems p r o v i d e a d e q u a t e n u t r i e n t s and 
effect ively c a t e r to the r e q u i r e m e n t s of f i she s , t h e i r s t imu la t i ng 
p roduc t ion i s a fa r g r e a t e r economic p ropos i t ion inasmuch a s t h i s 
makes the a p p l i c a t i o n of cos t ly formulated feeding u n w a r r a n t e d . In 
deve lop ing c o u n t r i e s , i n c l u d i n g I n d i a , many commonly used fish 
feed i n g r e d i e n t s a r e the same a s those recommended for l i v e s t o c k . 
Competi t ion, t h e r e f o r e , deve lops between the two k i n d s of an imal 
h u s b a n d a r y e n t e r p r i s e s . Worst s i t u a t i o n i s wi tnessed when the 
an ima l s (farm fish a n d l i ves tock ) encroach on and s h a r e human 
n u t r i t i o n a l r e q u i r e m e n t s v i s - a - v i s some impor t an t food s tuffs in very 
poor c o u n t r i e s . F i s h e s get a raw d e a l . Efforts a r e be ing made to 
find out n o n - c o n v e n t i o n a l i n g r e d i e n t s which could be exc lus ive ly 
d ive r t ed for fish n u t r i t i o n and whose u t i l i z a t i o n wil l be 
cos t - e f fec t ive . 
In f r e shwa te r a q u a c u l t u r e a d e p e n d a b l e source of wate r 
supp ly a s sumes p rob lema t i c p::oport ions in c e r t a i n r e g i o n s . 
F r e s h w a t e r r e sou rces a r e p r e s s e d for h y d r o e l e c t r i c dams and 
r e s e r v o i r s , po t ab l e m u n i c i p a l v/ater s u p p l i e s , a g r i c u l t u r e , .etc. 
These mul t ip le u se s r educe the quo ta for a q u a f a r m i n g . Sewage-fed 
water bodies and o ther k i n d s of d r a i n s a r e explo i ted for 
a q u a c u l t u r e . In view of t h i s k ind of a s c e n a r i o ex tens i fy ing 
p i s c i c u l t u r e to p l u g the g a p betv/een supp ly and demand proves to 
be d i f f icul t in many r e g i o n s . Ra i s ing the c a r r y i n g c a p a c i t y of the 
l imi ted water bodies and i n c r e a s i n g the s tock ing of fish per un i t 
a r e a a p p e a r e d to be the a v a i l a b l e op t ion . This a p p r o a c h assumes 
much more s i g n i f i c a n c e in h i n t e r l a n d s t a t e s and land locked 
coun t r i e s which a r e dep r ived of the mar ine wa te r r esources and 
h a v e only the fresh waters to depend on . Composite farming which 
combines compa tab le combina t ions of fish spec ies and o the r c l a s se s 
of a n i m a l s l5 an answer to the problem of i n c r e a s i n g the 
p r o d u c t i v i t y of the w a t e r r e s o u r c e s . In a d d i t i o n to it be ing a 
mul t ip le c ropp ing sys tem, y e a r - r o u n d employment of the farmers is 
a l so a s s u r e d . 
Harves t ing time of the c rops may be dif ferent and t h e r e 
is every l i ke l i hood of one or the other crop a l w a y s r e m a i n i n g in the 
wa te r and need ing c a r e . The p roduc t ion system t u r n s l a b o u r -
i n t e n s i v e and t h i s q u a l i t y is need of the hour in c o u n t r i e s where 
unemployment h a s i n c r e a s e d a l a r r r i n g l y . Quite u n l i k e many other 
i n d u s t r i e s where modern i sa t ion is accompanied by g r e a t e r g a d g e t a r y 
i n p u t , c u r t a i l i n g the manpower r equ i r emen t , t he y e a r - l o n g 
moni tor ing of many crops does no-; come in the way of modern i sa t ion . 
The socio-economic v a l u e of the sa id aquafood p roduc t ion system can 
be e a s i l y v i s u a l i s e d . I t is such an a t t r a c t i v e b u s i n e s s t h a t even 
the developed c o u n t r i e s a r e showing i n t e r e s t in a b ig way . 
Whereas , in deve lop ing c o u n t r i e s the c o n s i d e r a t i o n i s for i n c r e a s e d 
food s u p p l y , the r i ch c o u n t r i e s look for the n u t r i t i o n a l q u a l i t y of 
the p r o d u c e . 
Combined c u l t u r e of duck and fish h a s g iven an impetus 
to yet ano the r economic a c t i v i t y in the form of a l a r g e sca l e supp ly 
of d u c k l i n g s . Mil l ions of duck b roode r s and d u c k l i n g s a r e 
produced in fish ponds a n n u a l l y . Sometimes magn i tude of t h i s 
a c t i v i t y exceeds the fish p roduc t ion leve l (Renner and s a r o d n i c k , 
1973; Balogh, Kozma and Mosonyi, 1975) . I n t e r e s t i n g l y , the cu l t u r e 
of ducks with fish which s t a r t e d a s a b y p r o d u c t i o n system, a t times 
a t t a i n s impor tance qu i t e comparab le to fish c r o p p i n g . Duck-cum-fish 
c u l t u r e i s going s t rong in the ea s t and west . I t i s p o p u l a r l y 
p r a c t i c e d in As ia . The FAO h a s a s s i s t e d c o u n t r i e s l i k e Nepal which 
n e v e r had s t rong a q u a c u l t u r e base to embark on duck-cum-f i sh 
c u l t u r e . 
The a u t h o r feels the benef ic ia l effects of the col lec t ive 
c u l t u r e of duck and fish is not confined to the wa te r manur ing 
effect of the exc re to ry w a s t e s . Tnere may be some o the r k inds of 
pos i t ive i n t e r a c t i o n of the p o p u l a t i o n s of these two c l a s s e s of 
v e r t e b r a t e s . There i s a p a u c i t y of l i t e r a t u r e on t h i s a s p e c t . An 
i n d e p t h a n a l y s i s is needed to b r i n g out the facts about the 
in teract ion. What is generally believed is that in separate cultures 
of fish and duck (monoculture systems) with the matching level of 
manuring through exogenous supplies of fert i l izers the production of 
total crops of duck and fish fails to a t ta in the mark of 
quant i ta t ive harvest of the ducks and fish from a composite farm. 
Scientific evidence in this field will be worthwhile and shal l go a 
long way in further popularizing the duck-cum-fish cul ture . 
Species of carps selected in the present study do' not consume 
mollusks, l a rvae of dragon fly and aquat ic stages of other 
t e r res t r i a l insects , tadpoles , e tc . They a re , however, eaten by 
ducks. The carps l iving in the water column depend mainly on 
planktons, and the bottom dwelling ones explore the de t r i tus . Not 
just that the food requirements are not shared, but the organisms 
which form the food of ducks and hence are eliminated by them, 
happen to be the ones that might pose a problem for the fish if not 
preyed upon and removed. A healthy fingerling is active enough to 
be evasive to ducks (Balogh et_ a l . , 1975) . Ducks getting adequate 
amounts of their prey in the pond in the form of animals indicated 
above and also the g ra ins supplied to them and generally scattered 
on the landmass which they frequently venture, develop sat ie ty . 
Consequently, the ducks show no par t icu la r interest in taking on 
the l a rva l fish. 
An annual production of about 3,500 kg/ha is reported for 
duck-cum-fish culture in Taiwan (Liiig, 1971). Yield of 4,324 kg /ha /y r 
has been achieved in duck-cum-fish culture in India (Jhingran and 
Sharma, 1986). These authors , have a l so d i s cus sed the p o s s i b i l i t y of 
combining h o r t i c u l t u r e with the a q u a c u l t u r e e n t e r p r i s e . According 
to them growing v e g e t a b l e s and c a t t l e fodder a long the embankments 
of pond wi l l pay d i v i d e n d s inasmuch a s the well manured pond 
wate r wi l l s u p p l y n i t r o g e n a n d o ther n u t r i e n t s to p l a n t crops in 
q u a n t i t i e s enough for s t i m u l a t i n g t h e i r g rowth . P l a n t s wi l l a l so 
a t t r a c t i n s e c t s which wil l fa l l p r ey to d u c k s . The con t r i bu t i on to 
the a q u a t i c ecosys tem, of the v e g e t a t i o n , e s p e c i a l l y t h e i r roo t s , in 
f ix ing n i t rogen and t h r o u g h any o ther means nrterits a n a l y s i s . In 
an i n t e g r a t e d fish (Hypoph tha lmich thys mo l i t r i x , Ctenopharyngodon 
Ide l l a and A r i s t i c h t h y s nob i l i s ) v e g e t a b l e c u l t u r e , Pr ins loo and 
schoonbee (1987) ach i eved a fish y ie ld of 5 t o n n e s / h a in 149 d a y s . 
B a r a s h et_ a l . (1982) obse rved t h a t ducks perform b e t t e r in fish 
ponds t h a n in con t ro l led farming on l a n d ; they grew f a s t e r , showed 
h i g h e r food convers ion eff iciency and found i t e a s i e r to keep t h e i r 
p lumage c l e a n . 
Growth of fish i s an impor tan t aspec t of b io logy . The 
r a t e of growth i s c losely r e l a t e d to a number of l i fe processes 
i n c l u d i n g feeding i n t e n s i t y , b r e e d i n g and env i ronmen ta l f a c t o r s . 
Measurement of the change in growth r a t e g ives an idea of the 
well be ing of fish and s u i t a b i l i t y of i t s env i ronmen t . Growth 
denotes i n c r e a s e in s ize or we igh ; . Under t h i s s imple def ini t ion of 
the p rocess l i e s a wide r a n g e of complicated phys io log i ca l 
phenomena . The c h a n g e in s ize jJer un i t weight which is normal ly 
used to know the r o b u s t n e s s of the f i sh , can r e s u l t from a number 
of factors with qual i ta t ively different significance. A careful 
selection of the underlying causat ive factor(s) assumes importance 
inasmuch as the calculation of weight/unit length and growth are 
the basis of productivity assessment. The interrelat ionuhips of 
biochemical constituents of t issues are complex but fortunately many 
have come to l igh t . Some components vary inversely with each 
other. Under certain physiological conditions water replaces protein 
and over a given range the t issue maintains i t s weight. Tissue of 
such a fish may fetch the same price but is of inferior nutr i t ional 
qua l i ty . Fishes which are exploited mainly for protein must be a 
rich source of this nu t r ien t . Further , growth is accomplished 
largely by protein biosynthesis . In a culture system the principle 
of ra t ional management of fish population envisages balanced 
nutri t ion and adequate protein deposition in t issues to increase the 
quanti ty as well as qual i ty of the harves t . In the present project 
one species of fish Hypophthalmichthys molitrlx, commonly called as 
silver carp was singled out for observations of growth. The data 
on weight change by simple measurement of this var iable was 
obtained. The RNA-DNA rat io was recorded for a scientifically 
sound and convincing ana lys is of the growth profile. DNA governs 
RNA systhes is . RNA is instrumental in protein biosynthesis . Being 
a genetic material DNA is remarkably stable but RNA fluctuates. A 
change in the RNA-DNA rat io reflects mainly the change in the 
cel lular RNA. Alteration in RNA-DNA rat io would imply a similar 
sequence of events in protein dynamics and hence growth. 
A number of workers h a v e repor ted the r e l a t i o n s h i p of 
RNA-DNA r a t i o with n u t r i t i o n a l s t a t u s and growth of the f i sh . 
Satorni (1969) found dec rea se in the r a t i o with s t a r v a t i o n and 
i n c r e a s e with r e feed ing in ca se of s i l v e r c a r p Hypophtha lmich thys 
mol i t r ix , c r u c i a n c a r p C a r r a c i u s c a r r a c i u s and common ca rp 
Cypr inus c a r p i o . Bulow (1970) proposed the r a t i o of RNA to DNA to 
be a s e n s i t i v e i n d i c a t o r of recen t growth in l a r g e - m o u t h b a s s . 
Haines (1973) s u g g e s t e d t h a t RNA-DNA could be used a s indica.torof 
long- te rm c h a n g e in growth of f i sh . Studies conducted by Mustafa 
(1977, 1978, 1979), Mustafa and Zofair (1983) and Mustafa and 
Haque (1987) left no doubt about the a p p l i c a b i l i t y of the r a t i o a s a 
s ens i t i ve b iochemical i n d i c a t o r of growth and l i v i n g condi t ion of 
f i sh . Growth r a t e and RNA-DNA r a t i o of l a r v a l s and l ance 
Ammodytes a m e r i c a n u s were r e p o r t e d to i n c r e a s e with i n c r e a s i n g 
feeding leve l (Buckley e^ al_. , 1984). Ut i l i ty of the r a t i o a s a LOOI 
to i n v e s t i g a t e b io log i ca l and env i ronmen ta l cond i t ions which affect 
the growth of f ishes h a s been documented with s u b s t a n t i a l amount of 
ev idence (Bulow, 1987). Westerman and Holt (1988) working on 
l a r v a l red drum obse rved t h a t the f a s t e s t g rowing i n d i v i d u a l s had 
s i g n i f i c a n t l y g r e a t e r amount of RNA and h i g h e r RNA-DNA r a t i o s t h a n 
the slower growing i n d i v i d u a l s . These d a t a were in agreement with 
the f i nd ings of Buckley (198A), who c a t e g o r i c a l l y a s s e r t e d t h a t 
RNA-DNA r a t i o was a p p l i c a b l e in a n a l y s i s of growth of l a r v a l f ishes 
s ince growth d u r i n g t h i s p h a s e i s c o n t i n u o u s . Wostferman and Holt 
(1988), who worked on l a r v a l Sciaenops o c e l l a t u s p rov ided 
r e a s o n a b l e a r g u m e n t s asuggest ing careful i n t e r p r e t a t i o n of the d a t a 
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in s tudy of the c o r r e l a t i o n of RNA-DNA r a t i o with l eng th of 
i n d i v i d u a l l a r v a a t a p a r t i c u l a r age and in f l u c t u a t i o n s in the 
r a t i o in p o p u l a t i o n in the e a r l y per iod when l a r v a e of unknown age 
were i n v o l v e d . These a u t h o r s concluded t h a t the r a t i o may be 
useful in a n a l y s i n g growth of the l a r v a l fish u n d e r control led 
cond i t ions of a q u a c u l t u r e . Clernmesen (1989) c a r r i e d out RNA-DNA 
a s s a y s on fed and s t a r v i n g h e r r i n g Clupea h a r e n g u s l a r v a e . 
Decline of the r a t i o with s t a r v a t i o n was c l e a r l y d e m o n s t r a t e d . This 
s ign i f i ed the impor t ance of food in growth and cond i t ion . 
I n t e r e s t i n g l y , the m a g n i t u d e o); dec r ea se in RNA-DNA r a t i o was 
g r e a t e r in young s t a r v i n g l a r v a e compared to o lder l a r v a e and th i s 
led the au thor to s t r e s s the lov/er s t a r v a t i o n po t en t i a l in younger 
l a r v a e . One p o s s i b i l i t y may be the g r e a t e r energy r e s e r v e s in 
older g r o u p s which he lp s u s t a i n the t i s s u e composit ion for a longer 
per iod in the event of food s c a r c i t y . In a r e m a r k a b l e p r e s e n t a t i o n 
of the i n v e s t i g a t i o n s bailed on food consumpt ion , grov/th and 
nuc le i c a c i d s on j u v e n i l e Arct ic c h a r r Sa lve l inous a l p i n u s Miglavs 
and Jobl ing (1989) showed conc lus ive ly t h a t nuc le ic acid 
c o n c e n t r a t i o n s were in f luenced by feeding r eg ime . RNA-DNA r a t i o s 
were low in s t a r v e d fish a s well, a s those g iven r e s t r i c t e d r a t i o n s . 
Resumption of normal feeding to s a t i e t y l eve l enhanced the r a t i o to 
the i n i t i a l ( p r e - s t a r v a t i o n ) l e v e l . Concordant views have been 
exp re s sed by Hovenkamp (1990) . He p rov ided a d e q u a t e d a t a showing 
close r e l a t i o n between RNA-DNA r a t i o and food i n t a k e . S t a rva t ion 
was c h a r a c t e r i z e d by dec rease in the r a t i o in l a r v a l p la ice 
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Pleu ronec tus p l a t e s s a . Tempera tu re d i f ferences in the expe r imen ta l 
cond i t ions were too smal l to be effective in c h a n g i n g the r a t i o ; the 
r e a l fac tor was s t a r v a t i o n or food l i m i t a t i o n . 
This pro jec t was des igned to p rov ide informat ion on the 
f e a s i b i l i t y of combined c u l t u r e of. i nd igenous spec ies of c a r p s Cat la 
c a t l a , Labea r o h i t a and a Chinese c a r p Hypophtha lmich thys moli t r ix 
in a pond which is a l so u t i l i zed for duck f a rm ing . The biomass 
p roduc t ion d a t a of the t h r e e spec ies of f ishes a r e embodied in the 
d i s s e r t a t i o n . The RNA-DNA prof i le in Hypophtha lmich thys mol i t r ix 
was worked out for i n t e r p r e t a t i o n of the growth dynamics of the 
f ish in the s a i d composite a q u a c u l t u r e . 
M A T E R I A L S A N D M E T H O D S 
:-2 
Hatchery borne fry of si lver carp were procured from 
Howrah (West Bengal) and t ransported in oxygen filled polyethylene 
sacs to Aligarh (Lat. 27°34'30" N, long. 78°4'26" E) . They were 
released in indoor tank (2.4 x 0.35 x 0.7 m) with increasing exposure 
to pond medium. After 24 hours a group of specimens was removed 
for measurement of length and weight, and biochemical 
determinations. The rest were released in the pond. 
Description of Pond : 
The especially designed pond (Fig. 1, Plates 1-10) has an 
2 
area of 263 m and is surrounded by land mass large enough to 
provide space for t e r res t r i a l act ivi ty of ducks. This whole complex 
(land and pond) is fenced by iron g r i l l s . In the centre of pond is 
an ' i s l and ' and a bridge connects the two l a t e ra l ends of the 
pond. The is land s t ructure is used to feed grains to the ducks. 
The pond is equipped with a waterfall and an inlet pipe connected 
to tubewell. Underground water pumped from the well fills the 
pond. Illumination is maintained by a lamp post. Various stages 
of eco-system development in the pond were monitored right from 
the first watering of the bas in . Care was taken agains t infesta^-ion 
of the pond by unwanted fishes and invertebrate aquat ic fauna. 
Manuring was not done. There was also no provision for 
mechanical aeration of water in the pond bas in . 
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L a r v a l s t a g e s ci Ca t l a c a t l a , Labeo r o h l t a and 
Hypoph tha lmlch thys mol i t r ix in a r a t i o of 1:2:8 were s tocked in the 
pond a t the rate of 14 ,448 /ha , The s tock ing r a t e of ducks was 
4 1 8 / h a . The ducks used to spenc: most of the day time in the pond 
and move tc s h e l t e r in the n ight . F i shes subs i s t ed on the n a t u r a l 
r e sou rce s of the p o n d . There was no prov is ion of a r t i f i c i a l 
f e ed ing . For d u c k s , however , wheat g r a i n s were supp l i ed in 
amount a d e q u a t e enough to develop s a t i e t y . They were t r a i n e d to 
p r o c u r e the g r a i n s from the i s l a n d s t r u c t u r e in the pond complex. 
F i shes in r e q u i r e c n u n b e r s were net ted out on monthly 
b a s i s for the v a r i o u s o b s e r v a t i o n s . Total l eng th was measured from 
the t ip of snout to the longes t c a u d a l fin r a y . Weight was 
recorded on a s e n s i t i v e e l e c t r i c a t b a l a n c e Stanton (Eng land ) model 
F5P. Condit ion fac tor (K) was worked out u s ing the formula : 
K = . JL- X 100 
L^ 
where , W = v/eight of f i sh , g 
L = l eng th of f i sh , cin 
Technique of V/eblo a r d Levy (1955) was followed for 
o b t a i n i n g d ry fa t - f ree mincec f i s i t i s s u e . Known weight of t i s sue 
sample was homogenised in measured volume of d i s t i l l e d wa te r and 
t r e a t e d with two volumes of ch i l l ed 10 pe r cent t r i c h l o r o ace t ic acid 
(TCA). The con ten t s were cent r i fuged a t 3000-4000 rpm for 
10 minutes and the s u p e r n a t a n t was d i s c a r d e d . The process was 
20 
r e p e a t e d twice for complete removal of a c i d - s o l u b l e s u b s t a n c e s . The 
pe l le t was su spended in methanol and cen t r i fuged a t 3000-4000 rpm 
for 10 m i n u t e s . The s u p e r n a t a n t was d i sposed off and the process 
was r e p e a t e d twice for complete removal of l i p i d s . The t i s sue 
r ema ins were t r e a t e d with so lvent e the r for about 20 hours du r ing 
which the so lvent was c h a n g e d up to 3 t imes . The r e s u l t i n g mat ter 
was d r i ed in i n c u b a t o r a t SS'^ C and used for de te rmina t ion of 
b iochemica l c o n s t i t u e n t s . 
RNA : 
RNA was e x t r a c t e d and determined q u a n t i t a t i v e l y accord ing 
to the t e c h n i q u e of Schneider (1957). A known weight of sample 
(d ry fa t - f ree powdered t i s s u e ) was suspended in 2 ml of 1 N 
potass ium h y d r o x i d e and the con ten t s were i n c u b a t e d for 20-24 hours 
a t 37"C. 0.5 ml of 6N HCl and 2 ml of 5% TCA were then added to 
the c o n t e n t s . The con ten t s v/ere mixed tho rough ly and cen t r i fuged 
a t 3000-4000 rpm for 10 m i n u t e s . The s u p e r n a t a n t was used for RNA 
a s s a y by s t a n d a r d o rc ino l r e a c t i o n . A measured (0.1 ml) volume of 
a l i quo t v.-as d i lu t ed and r a i s e d to 2 m.l by d i s t i l l ed w a t e r . Two ml 
of orc inol r e a g e n t was a d d e d . The solut ion was mixed t h o r o u g h l y , 
hea ted in a bo i l ing w a t e r b a t h for 30 minu tes , and then cooled to 
room t e m p e r a t u r e . I n t e n s i t y of the colour developed was r e a d a t 
650 rpju wave leng th u s i n g Beckman model DU-5 Spectrophotometer . 
RNA concen t r a t i on (ug/100 mg of fresh t i s s u e sample) was worked out 
by the he lp of cu rve p r e p a r e d u s ing s t a n d a r d RNA. 
21 
DNA : 
For estimating DNA 50 mg of dry fat-free t issue sample 
was suspended in 10 ml of 5% TCA. The contents were heated in a 
boiling waterbath for 30 minutes. The loss in volume during 
heating was made up by adding the TCA solution. The contents 
were centrifuged at 3000-4000 rpm for 10 minutes and the 
supernatant was used for quant i ta t ive analys is of DNA according to 
the method of Ashwell (1957). 0.5 ml of 70% H^SO^ and 0.05 ml of 
5% cystein hydrochloride solution were mixed with 0.5 ml of DNA 
al iquot . The contents were allowed the stand at 37°C for about 
15 minutes with occasional shakings . Intensity of the colour 
developed in the solution was read at 490 m i^ wave length on the 
spectrophotometer. DNA concentration (^ug/lOO mg of fresh tissue 
sample) was worked out with the help of cal ibrat ion curve prepared 
by the help of s tandard DNA. 
R E S U L T S A N D D I S C U S S I O N 
Data on RNA-DNA ra t io , condition factor in the silver 
carp fry, and plankton density are indicated in figure 2. The 
RNA-DNA rat io was high in the in i t ia l phase of r ea r ing . The early 
period is characterized by more rapid growth. Growth is 
accomplished chiefly by protein biosynthesis . Enhancement of RNA 
level makes this possible. Cells become more robust and heavier by 
protein accumulation. As a matter of fact a smaller number of such 
cells will constitute a given weight of t issue sample compared to 
less heavy cel ls . The lower number of nuclei per unit weight of 
tissue accounts for decrease in DNA concentration. Mustafa and 
Mittal (1982) pointed out the same factor for interpret ing the 
decline of DNA in s tarved catf ish. Increase in RNA-DNA ratio is 
the outcome of increase in concentration of RNA coupled with 
decrease in that of DNA. 
The high growth ra te of fish coincided with increase in 
the density of p lankton. Inasmuch as growth ra te of young fish 
responds sharply to change in food supply, the observed increase 
in production of forage organisms must have contributed to faster 
growth of age-I c a rp . Thereafter, the var ia t ions in the said 
biochemical parameter followed a monthly pat tern Fluctuations in 
abundance of food organisms and possibly other environmental 
factors in different months must have influenced the protein and 
nucleic acids in varying degrees. In successive months of rear ing 
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fish fa i l s to grow with the same pace bu t the d a i l y weight ga in 
r e m a i n s in an i n c r e a s i n g order except for the per iod 
Augus t -Sep tember . 
RNA-DNA r a t i o v a r i e d with ' k ' , m a i n t a i n i n g an i d e n t i c a l 
sequence of c h a n g e . Such a c o r r e l a t i o n h a s a l so been repor ted for 
many o the r f i shes (sa tomi and I s h i d a , 1976; Satomi and T a n a k a , 
1978; Mustafa , 1978; Mustafa and Zofair , 1983). Buckley (1979) 
a r g u e d in favour of t r e a t i n g RNA-DNA a s a q u a n t i t a t i v e measure of 
the eff iciency of p ro te in s y n t h e s i s system of the c e l l . Expec ted ly , 
fish with h igh RNA-DNA wi l l a c c u m u l a t e p ro te in a t a f a s t e r r a t e and 
grow r a p i d l y . Bulow et_ al^. (1981) and Mustafa and Zofair (1983) 
e s t a b l i s h e d the p a t t e r n of s e a s o n a l v a r i a t i o n in RNA-DNA and 
r e l a t e d the c h a n g e s with g o n a d a l m a t u r i t y and s eve ra l 
env i ronmen ta l f a c t o r s . Mustafa et a l . (1990) documented the s t rong 
inf luence of t e m p e r a t u r e on nuc le ic ac id prof i le in European sea 
b a s s . Satomi (1978) p re sen ted ev idence of the close r e l a t i o n 
between RNA-DNA and pond wa te r f e r t i l i t y . The same a u t h o r went 
to the ex tent of a d v o c a t i n g a p p l i c a t i o n of the r a t i o in e v a l u a t i n g 
fish f a rm- fe r t i l i t y and b iomass t u r n o v e r . 
In the course of four months the to t a l y ie ld of the th ree 
spec ies of c a r p s combined amounted to 1,338 k g / h a ( F i g . 3 ) . The 
Chinese s i l v e r c a r p was seen to grow f a s t e r and i t dominated over 
the two n a t i v e s p e c i e s . The r e l a t i v e p r o d u c t i v i t y by weight was 
64.5% (Si lver c a r p ) , 23.85% (Rohu) and 11.65% (Kat la) ( F i g . 4 ) . 
Fig . 3 : Monthly biomass yield of young C^ . ca t la , L^ . rohita and 
H. molitrix from exoerimental farm. 
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The s i l v e r c a r p c u r t a i l e d the growth o p p o r t u n i t i e s of k a t l a by far 
g r e a t e r fo rag ing a c t i v i t y in i t s e n c r o a c h i n g n u t r i t i o n a l spectrum in 
the su r f ace zone . Despite t h i s l ack of h a b i t a t p a r t i t i o n i n g and 
absence of defined n iche s e g r e g a t i o n , both of which a r e a se tback 
to p r o d u c t i o n , the c a l c u l a t e d a n n u a l y ie ld of 4,014 k g / h a exceeded 
the p r o d u c t i v i t y of fish by j u s t 14% in wel lmanaged duck-cum-f i sh 
c u l t u r e pond in T a i w a n . A number of fac to rs i n c l u d i n g species 
combina t ion , e n v i r o n m e n t a l c o n d i t i o n s , s tock ing dens i t y of fish and 
d u c k s , b e s i d e s o t h e r s a r e r e s p o n s i b l e for d i f ferences in the 
p roduc t ion f i g u r e s . 
The p r e s e n t r e s u l t s a r e , however , comparab le to those 
ob ta ined by J h i n g r a n and Sharma (1986) (4,323 k g / h a / y r ) and 
Sharma and Das (1988) (4,340 k g / h a / y r ) in a composite duck- f i sh 
farming without any p rov i s ion of feeds or f e r t i l i z e r s . Achieving the 
same p roduc t ion wi thout feeds which a r e a most cost ly i n p u t in any 
a q u a c u l t u r e systme i s economical ly f e a s i b l e . With the r e q u i r e d 
leve l of m a n u r i n g a s s u r e d by duck excrement , expenses t h a t accrue 
on f e r t i l i z e r s a r e s a v e d . 
Duck d r o p p i n g s p r o v i d e a good q u a l i t y o r g a n i c manure 
(Table I) . On the a v e r a g e oae duck produces about 6 kg of 
d r o p p i n g s d u r i n g 30-40 d a y s (Woynarovich, 1976). In a d d i t i o n to 
e n h a n c i n g and economizing the produc t ion of fish b iomass , the 
ducks themselves offer a crop of n u t r i t i v e human food and many 
commercial b y p r o d u c t s l i k e f e a t h e r s , offal , e t c . They supplement 
••\.. t 
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Table I 
Chemical composit ion (%) of manures of di f ferent an ima l s 
( Woynarovich, E . , 1976 ) 
Components 
Vi/ater 
Organ ic ma t t e r 
Nitrogen 
^2^5 
Potass ium (K 0 ) 
Calcium 
P i g 
71 
25 
0 . 5 
0 . 4 
0 . 3 
0.09 
Chicken 
56 
26 
1.6 
1.5 
0 . 9 
2 ,4 
Duck 
57 
26 
1.0 
1.4 
0 . 6 
1.8 
Goose 
77 
14 
0 . 6 
0 .5 
1.0 
0 .9 
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the income from the aquacul ture system. With one fish harvest in a 
year , there can be several profitable crops of ducks if ducklings of 
required size are stocked. 
It appears possible :o increase the production from 
duck-cum-fish culture system from the present level by selecting the 
fish which can exploit the benthic zone also. In the present 
combination none of the species (Hypophthalmichthys molitrix, Catla 
ca t la , Lebeo rohita) effectively utilized the food resources on the 
bottom of the pond. There is also more room for stimulating the 
production through modification in stocking densities of fishes and 
the ducks. Plavnik et_ a l . (1983) raised 2,000 ducks and 20,000 
fish/ha in a pond in I s rae l and obtained a daily gain of 82 kg 
ducks and 36.5 kg fish per hectare . 
Ducks get integrated with fish culture better than 
t e r res t r i a l animals l ike p i g s . Ducks spend more time in water, 
indulge in foraging in the aquat ic medium and large par t of their 
excreta is consigned to the water body. They also do not require 
special housing uni ts and can be managed at night in simple 
shelters or just in a net enclosure in a limited space. Since the 
ducks move around the pond, the droppings are fairly uniformly 
dis t r ibuted. 
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